This work presents a practical application of an electronic nose to fast and efficient discrimination of different species of Amanita mushrooms. The electronic nose instrument were utilized for investigation of discrimination capability with respect to odour profile of these fungi. The home-made prototype was based on MOS-type chemical sensors and headspace sampling method. Samples were cut into thin sheets, placed in glass vials and maintained at a constant temperature using a thermostatic bath, the headspace of which was subjected to analysis. The data were analysed using multivariate methods: PCA, LDA and Artificial Neural Networks. The obtained results confirmed legitimacy of application of the electronic nose technique to identification and discrimination of fungi species. Results show a correct classification of the fungi species at the level of 80-100%.
Introduction
There is no simple test that distinguishes poisonous from nonpoisonous mushrooms, and accurate mushroom identification will require consultation with an experienced mycologist. Although it is estimated that only a few species are lethal, it is not clear how many of the mushrooms worldwide contain potentially toxic compounds. New species are being discovered continuously; for many species, toxicity data are unavailable.
On the other hand, it is known the capacity developed by certain animals to detect volatile substances, and thus find traces of substances emanating from natural products, volatile compounds and biomarkers of different diseases, [1] , locate explosives [2] and so on. Among the natural aromas that are able to differentiate, are those released by some types of fungi, traditionally used in their harvest once trained for it. This circumstance suggests the possible existence of different odorous nuances between the different species of mushrooms, beyond those currently recognized by human olfaction.
Material and Methods
Different mushrooms have been harvested during the autumn months and frozen until the time of analysis. The search location lies between the dehesas of Extremadura (Spain) and the Alentejo (Portugal). The classification was carried out independently by at least two experts. Next, a homemade and home-developed electronic nose (Winose Version 6) was used for the discrimination of the different species. More details of the Winose Version 6 can be found in [3] .
Results
Two different tests have performed in this work. In both cases, the first step is to get the mushrooms. Once harvested the samples, they were processed and kept frozen. Later a slice of the same mass is cut from the hat of each mushroom to be used as a sample. Using the headspace technique, at least 15 measurements of each sample were made at a constant temperature (30 °C). The measurement cycle consists of 1 min measuring the sample and a recovery phase of 9 min. This process is repeated for all samples. The measurements were made with a flow rate of 150 (L/min) and the operating temperatures of the sensors have been between 300 and 400 °C.
The main objective of the first test is to check the discrimination capability of the developed electronic nose. In this sense, three different types of Amanita mushrooms were used: phalloides, caesarea, and muscaria. Once measured and processed the data, Principal Component Analysis (PCA) was made for dimensionality reduction in order to plot in Figure 1 . A high degree of discrimination for each of them is observed, and it can be assured that the system offers different answers for each one of the samples, being similar for mushrooms of the same species. The results obtained with the PCA were confirmed with the classification by means of Artificial Neural Networks with Backpropagation Learning Algorithm, in which 97.7% success was obtained in the cross validation using LeaveOneOut method. Only a mistake in the classification of a Muscaria was obtained, since it was classified as Caesarea.
The second test consists of the detection of two species very similar to the sight and that sometimes it is possible to find in nearby locations. These are species of Amanita phalloides and Agaricus silvicola. Once measured and pre-processed data (averaged), Figure 2 graphically represented the response of each sensor, clearly indicated the odorous differences perceived by the enose between both mushrooms. 
